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[57] ABSTRACT

An overdrive transmission for a motor vehicle has a
housing with a rotatably mounted driving shaft and a
rotatably mounted driven shaft. A planetary gear de-
vice 1s used to transmit power from the driving shaft to
the driven shaft. In two of the illustrated embodiments,
when the transmission is in the direct drive mode the
planet gear carrier of the planet gear device is allowed

to rotate and 1s engaged with the driven shaft by a
clutch for power transmission at a 1:1 ratio, and when in
the overdrive mode the planet gear carrier is prevented
from rotation by another clutch and is disengaged from

~ the driven shaft for power transmission to the driven

shaft through the planetary gears of the planetary gear

device at an increased gear ratio. In another of the

illustrated embodiments, when the overdrive transmis-
sion is in the direct drive mode the sun gear of the

planetary gear device is engaged with the driving shaft
by a clutch and the planet carrier of the planetary gear
device is connected to the driven shaft for power trans-
mission at a 1:1 ratio, and when in the overdrive mode
the sun gear is prevented from rotating by another

- clutch and 1s disengaged from the driving shaft so that

power 1s transmitted from the driving shaft to the
driven shaft through the planet gears of the planetary
gear device at an increased gear ratio. In further em-
bodiments, the overdrive transmissions are provided
with neutral modes while being shifted between over-
drive and direct drive modes.

17 Claims, 19 Drawing Figures
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1
OVERDRIVE TRANSMISSION

This application is a continuation of application Ser.
No. 06/380,416, filed May 20, 1982 now abandoned.

The present invention relates generally to transmis-
sions for use in motor vehicles and more particularly to
an overdrive transmission unit for motor vehicles.

Oil and petroleum fuels are becoming increasingly
scarce and expensive. Consequently, 1t i1s becoming
more important than ever before in operating a motor
vehicle to obtain a maximum number of travel miles per
galion of fuel consumed.

Overdrive transmissions have been used for a number
of years as a means for increasing the miles of travel per
gallon of gasoline consumed. A typical overdrive trans-
mission uses a planetary gear train with three planetary
pinions driven around a stationary sun gear. The plane-
tary gear train is driven by a surrounding internal gear
which is coupled to a propeller or output shaft which is
turned faster than the input shaft.

Overdrive transmissions generally are designed as a
part of the primary transmission of a motor vehicle and,
therefore, are considered as original equipment in a
motor vehicle. If a person with a motor vehicle without
an overdrive decided that such a feature was beneficial,
the only alternative was to change the entire transmis-
sion. This, of course, could be so expensive as to make
the benefits of an overdrive feature prohibitively expen-
sive. |

Four-wheel drive vehicles have become very popular
in the last few years. However, typically four-wheel
drive vehicles have a relatively high fuel consumption,
even when in two wheel drive. As a result, the market
for four-wheel drive vehicles has diminished and useage
of those already existing has decreased substantially. An
overdrive for this type of vehicle would have obvious
benefits.

In addition, heretofore known overdrive transmis-
sions generally have been free-wheeling, that is, not
providing engine braking of the vehicle when the driver
lifts his foot from the throttle. As a result, the braking
ability of the vehicle is impaired. Also, free-wheeling
can be particularly bothersome when going down a hill.
Thus, each time a driver needs to slow-up even slightly,
or maintain a constant speed downhill, he must apply
the vehicles brakes. This procedure causes increased
brake wear, and can be dangerous as the drivers behind
may think that he is braking to a stop and not merely
slowing down somewhat.

An object of the present invention is to provide an
improved overdrive of the class described.

Another object of the present invention is to provide
an overdrive transmission which is adapted to be retrof-
ited to motor vehicles already in service without having
to replace or modify the existing transmission of the
motor vehicle.

A further object of the present invention is to provide
an overdrive transmission as a conversion kit which is
compact and can be readily installed between the exist-
ing transfer case and existing differential of a four-wheel
drive motor vehicle.

A still further object of the present invention is to
provide an overdrive transmission which allows for
engine braking.

Yet another object of the present invention is to pro-
vide a clutch apparatus having two clutches wherein
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when one clutch engages when the other clutch concur-
rently disengages.

Yet a further object of the present invention is to
provide a clutch apparatus having two clutches
wherein there is neutral mode between the disengage-
ment of one clutch and the engagement of the other
clutch. |

Other objects and advantages of the invention will
become known by reference to the following descrip-
tion and drawings in which:

F1G. 11s a front crross-sectional view of an overdrive
transmission embodying various of the features of the
invention: | |

F1G. 2 1s a cross-sectional side view taken along line
2—2 1n FIG. 1 with the transmission in the overdrive
mode;

FIG. 3 1s a partial cross-sectional side view similar to
that of FIG. 2, but with the transmission in the direct
drive mode;

- FIG. 4 1s a cross-sectional view taken along line 4—4
of FIG. 2;

FIG. 5 1s a side view of a planet gear;

FIG. 6 1s a cross-sectional view of a sun gear;

FI1G. 7 1s a cross-sectional view of a planet gear car-
rier;

FIG. 8 is a cross-sectional view of a clutch pressure
plate;

FI1G. 9 1s a cross-sectional view taken along line 9—9
in FIG. 1;

FIG. 10 is a cross-sectional view taken alone line
10—10 1n FIG. 1;

FIG. 11 1s a schematic representative of an electric
indicating-energizing circuit;

FIG. 12 1s a cross-sectional side view of another ad-
vantageous embodiment of an overdrive transmission

embodying various features of the present invention in

the overdrive mode;

FIG. 13 1s a cross-sectional side view of yet another
advantageous embodiment of an overdrive transmission
embodying various features of the present invention in
the overdrive mode;

FIG. 14 1s a cross-sectional side view of the overdrive
transmission of FIG. 12 modified to provide a partially
neutral feature, and showing the transmission in an
overdrive mode;

FIG. 15 1s an enlarged view of a portion of FIG. 14
showing the transmission in a partially neutral mode;

FIG. 16 1s an enlarged view of a portion of FIG. 14
showing the transmission in a direct drive mode;

FIG. 17 1s a cross-sectional side view of the overdrive
transmission of FIG. 12 modified to provide a full neu-
tral feature, and showing the transmission in the over-
drive mode;

FIG. 18 15 an enlarged view of a portion of FIG. 17
showing the transmission in a full neutral mode; and,

F1G. 19 1s an enlarged view of a portion of FIG. 17
showing the transmission in a direct drive mode.

The illustrated embodiments, in general, provide an

- overdrive transmission device for use in a motor vehicle

60

65

comprising a housing with a driving shaft projecting
from one end and a driven shaft projecting from the
other end of the housing. A driving sun gear is coaxially
mounted to the driving shaft for rotation therewith. A
driven sun gear i1s coaxially mounted with the driving
sun gear for rotation about the common axis and is
drivingly connected to the driven shaft. A planetary
gear train 1s used to selectively couple the driving shaft
to the driven shaft and includes a first and a second set
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of planet gears attached to a common planet gear car-
rier. The first set of planet gears is in mesh with the
driving sun gear and the second set of planet gears is in
mesh with the driven sun gear. A first clutch is used to
selectively couple and uncouple the planet gear carrier
to the driven shaft, and a second clutch 1s used to selec-
tively couple and uncouple the planet gear carrier to the
transmission housing. The first and second clutches are
activated concurrently so that when the first clutch is
activated coupling the planet gear carrier to the driven
shaft the second clutch is de-activated, uncoupling the
planet gear carrier from the transmission housing.
When the first clutch is de-activated, uncoupiing the
planet gear carrier from the driven shaft, the second
clutch is activated to couple the planet gear carrier to
the transmission housing. The clutches include a spring
biased pressure plate and a plurality of alternating
clutch discs and clutch plates.

A fluid acuated piston is used to activate and de-acti-
vate the clutches. The piston preferably utilizes trans-
mission lubricating oil as the working fluid. In one ad-
vantageous embodiment, an oil pump is used to circu-
late lubricating oil from the oil sump into the transmis-
sion housing and is also in selective fluid communica-
tion with the piston in the overdrive transmission. A
solenoid activated valve is disposed in the line of fluid
communication between the oil pump and piston to
selectively close or open the line of fluid communica-
- tion. When the volume rate of flow of oil from the oil
- pump increases to a predetermined value in response to
increased vehicle engine speed, the electric solenoid is
- energized and opens the line of fluid communication
between the oil pump and the piston. The piston moves
 to activate the second clutch and concurrently de-acti-
vate the first clutch to shift the overdrive transmission
‘into the overdrive mode. When the volume rate of flow
~ of oil from the oil pump decreases below the pedeter-

~mined value as a result of decreased vehicle engine
.. .speed, the solenoid is de-energized and closes the fluid
- line of communication between the oil pump and the
.- piston. The piston then moves to de-activate the second

- clutch and concurrently activate the first clutch to shift
the transmission from the overdrive mode into a direct
drive mode.

FIGS. 1, 2, 3 and 4 show an overdrive transmission
device 10 for use in a motor vehicle. The overdrive
transmission device 10 is used to allow decreased engine
speed at a given road speed, and is coupled between
main vehicle transmission, or transfer case of, for exam-
ple, a four-wheel drive vehicle, and the propeller shaft
of the motor vehicle.

The overdrive transmission includes a housing 11
having an oil sump 12 in fluid communication with the
housing 11. A driving shaft 13 is rotatably mounted In
the housing 11 and projects from one end thereof. A
driven shaft 14 is rotatably mounted in the housing 11
and projects from the opposite end of the housing 11.
As illustrated, the driven shaft 14 is coaxial with the
driving shaft 13.

A driving, or first sun gear 15 is concentrically dis-
posed with the driving shaft 13 and is attached thereto
for rotation therewith. A driven, or second sun gear 16
is coaxially located relative to the first sun gear 15 and
mounted in the housing 11 for rotation about a common
axis with the driving sun gear 15. The driven sun gear
16 is drivingly connected to the driven shaft 14.

A planetary gear train 17 couples the driving shaft 13
to the driven shaft 16. The planetary gear train 17 in-
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cludes a first set of planetary gears 18 and a second set
of planetary gears 19 mounted on a common planet gear
carrier 20. The first set of planet gears 18 are each 1n
constant mesh with the driving sun gear 15 and the
second set of planet gears 19 are each in constant mesh
with the driven sun gear 16. Each of the planetary gears
making up sets 18 and 19 are a common unit as 1llus-
trated in FIG. 5 but are of different diameters as illus-
trated.

A first clutch means 21 is used to selectively couple
and uncouple the planet gear carrier 20 to the driven
shaft 14 through the driven sun gear 16, and a second
clutch means 22 is used to concurrently selectively
uncouple and couple the planet carrier 20 to the gear
housing 11 fixing it against rotation.

The driving shaft 13 is mounted in the gear housing
11 by means of a front bearing 23 located at the end of
the driving shaft 13 where it protrudes from the front of
housing 11, and a rear bearing 24 at the other end of the
driving shaft 13 near the rear of the housing. An O-ring
seal 25 seals against oil leakage between the front bear-
ing 23 and the driving shaft 13.

As illustrated in FIGS. 2 and 3, the driven sun gear 16
is concentrically mounted on the driving shaft 13, and 1s
freely rotatable on it. As can be best seen in FIG. 6, the
driven sun gear 16 is an integrally formed body com-
prising an externally toothed cylindrical gear portion 26
with a radially, outwardly extending circumferential
rim 27 at one of its ends and a circumferential flange 28
projecting from the periphery of the rim 27 in an axial
direction of the cylindrical gear portion 26 away from
the cylindrical gear portion 26. The circumferential
flange 28 is formed with external splines 29 and internal
splines 30. The externally toothed cylindrical gear por-
tion 26 has a smaller pitch circle than does either the
external splines 29 and internal splines 30 of the circum-
ferential flange 28. The externally toothed cylindrical
gear portion 26 also has a smaller pitch circle than the
driving sun gear 15.

With reference to FIG. 2, the driven shaft 14 1s
formed with a central aperture for receiving the rear
bearing 24 which supports the other, or rear end of the
driving shaft 13. Thus, the rear end of the driving shaft
13 is essentially rotatably supported by the driven shaft
14. The driven shaft 14 is rotatably supported in the
housing 11 by means of a roller bearing 31 in the wall of
the housing 11.

The end of the driven shaft 14 which extends into the
housing 10 is formed with splines 32 of the same pitch
circle as the internal splines 30 of the circumferential
flange 28 of the driven sun gear 16. The splines 32 of the
driven shaft 14 thus engage the splines 30 of the driven
sun gear 16, so that the driven sun gear 16 and driven
shaft 14 are drivingly interconnected. The driven shaft
14 is also formed with a circumferential worm gear
profile 33 which engages a geared shaft 34 as can be
seen in FIG. 4, to drive a vehicle speedometer which
can be connected at one end 35 of the geared shaft 34.

With continued reference to FIGS. 1, 2, 3 and 4, and
additional reference to FIG. 5, the first set of planet
gears 18 comprise three first planet gears equally spaced
from each other around the driving sun gear 15, and in
constant mesh with the driving sun gear 15. The second
set of planet gears 19 also comprise three second planet
gears equally spaced from each other around the exter-
nally toothed cylindrical gear portion 26 of the driven
sun gear 16, and in constant mesh with the cylindrical
gear portion 26 of the driven sun gear 16. Each one of
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the first planet gears 18 is coaxially disposed on a com-
mon planet gear shaft 36 of the planet gear carrier 20
with a one of the second planet gears 19. The first planet
gears 18 have a smaller pitch circle than the second
planet gears 19. Further, the first 18 and second 19
planet gears on a common shaft 36 are connected to-
gether for concurrent rotation about their common
shaft 36 at the same angular velocity. Preferably, each
set of first 18 and second 19 planet gears on a common
shaft 36 are integrally formed.

Again with reference to FIGS. 1, 2, 3 and 4, and also
to F1G. 7 the planet gear carnier 20 comprises a first
generally circular end plate 37 spaced from, generally
parallel to and coaxially disposed with a second gener-
ally circular end plate 38. The first plate 37, for exam-
ple, has three flanges 39 equally spaced about its periph-
ery and projecting toward the second plate 38. Each of
these flanges 39 has a radially outwardly extending boss
40 at 1ts outer end. The bosses 40 abut the surface of the
second plate 38 facing toward the first plate 37. The first
and second plates are attached together by means of
fasteners, such as rivets 41 or the like passing through
appropriate mating apertures formed in the bosses 40 of
the first plate 37 and in the second plate 38. The three
planet gear shafts 36 are disposed in a circular, equally
spaced apart array between the first and second plates
37 and 38, with their longitudinal axis mutually parallel
and parallel to the driving shaft 13. Each planet gear
shaft 36 is attached at one of its ends to the first plate 37
and at the other of its ends to the second plate 38. The
second plate 38 also is formed with a circumferential
flange 42 which projects from the periphery of the
second plate 38 rearwardly or in a direction away from
the first plate 37. This circumferential flange 42 is larger
in circumference than the splined circumferential flange
28 of the driven sun gear 16. The circumferential flange
42 1s also formed with external splines 43 and internal
splines 44. Both the first 37 and second 38 plates are
formed with centrally located apertures 45 and 46, re-
spectively, which are coaxial with each other, and of a
larger diameter than the driving shaft 15. The planet
gear carrier 20 1s located in the gear housing 11 coaxial
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with the driving shaft 15, the driving shaft 15 being -

received through the apertures 45 and 46, with the
rearward extending circumferential splined flange 42

overlaying the circumferential splined flange 28 of the

driven sun gear 16 in a radially spaced relationship
thereto defining an annular space therebetween.

The planet gear carrier 20 is coaxially disposed with
the driving shaft 13 and mounted for rotation in the gear

housing 11 at the first circular plate 37 by means of, for.

example, a thrust collar 47 and a bearing 48. The thrust
collar 47 abuts the front bearing 23, and the bearing 48
1s disposed between the thrust collar 47 and the first
circular plate 37 of the planet gear carrier 20.

With reference to FIGS. 2 and 3, the first clutch
means 21 is an axially activated multi-disc type clutch
comprised of a plurality of coaxially disposed alternat-
ing first friction members, such as annularly shaped
clutch plates 49, and second friction members, such as
annularly shaped clutch discs S0 which coact to provide
a plurality of friction contact surfaces. The first clutch
means 21 is disposed in an annular space defined be-
tween the splined, circumferential flange 28 of the
driven sun gear 16 and the rearwardly extending splined
circumferential flange 42 of the planet gear carrier 20.
The annularly shaped clutch discs 50, for example, are
internally splined and mate with the external splines 29
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of the circumferential flange 28 of the driven sun gear
16 for rotation with the driven sun gear 16 and relative
movement thereto along the splines 29 in the direction
of, or along the rotation axis of the planet gear carrier
20. The annularly shaped clutch plates 49, for example,
are externally splined and mate with the internal splines
44 formed in the rearwardly projecting circumferential
flange 42 of the planet gear carrier 20 for rotation with
the planet carrier 20 and relative movement thereto
along the splines 44 in the direction of, or along the
rotational axis of the planet gear carrier 20. |

The second cluich means 22 1s also an axially acti-
vated multi-disc type clutch similar to the first cluich
means 21 and 1s comprised of a plurality of coaxially
disposed, alternating first friction members, such as
annularly shaped clutch plates 51 and second friction
members, such as annularly shaped clutch discs 52
which coact to provide a plurality of friction contact
surfaces. The second clutch 22 is disposed in an annular
space defined between the wall of gear housing 11 and
the rearwardly extending circumferential flange 42 of
the planet gear carrier 20. The clutch discs 52, for exam-
ple, are internally splined and mate with the external
splines 43 formed in the circumferential flange 42 planet
gear carrier 20 for rotation with the planet gear carrier
20 and relative movement thereto along the splines 43 in
the direction of, or along the rotational axis of the
planet gear carrier 20. The clutch plates §1, for exam-
ple, are externally splined and mate with splines 53
formed in the gear housing wall opposite the circumfer-
ential flange 42 of the planet gear carrier 20 fixing the
clutch plates 51 against rotation and providing for
movement relative to the wall of the housing along the
splines 53 in the direction of, or along the rotational axis
of the planet gear carrier 20.

With reference to FIGS. 2, 3, 4 and FIG. 8, a clutch
pressure plate 54 is disposed in the gear housing 11 in
concentric relationship with the driven shaft 14. The
clutch pressure plate §4 is biased in the direction of the
longitudinal axial of the driven shaft 14 toward the first
and second clutch means 21, 22 by biasing means such
as, for example, a plurality of compression springs S85.
The compression springs 85 are illustrated as coil
springs each having one end seated in an appropriate
pocket 56 formed in the end wall of the gear housing 11
and the other end seated in an appropriate pocket 57 in
the clutch pressure plate 54. The clutch pressure plate
54 has two concentric clutch contact surfaces 38 and 59
formed in its face adjacent the first and second clutch
means 21 and 22, respectively. The inner contact sur-
face 58 has a nominal diameter corresponding generally
to the diameter of the first clutch means 21 and is
adapted to contact the first clutch means 21 and provide
rolling contact between the first clutich means 21 and
the pressure plate 54 such as by roller bearings as
shown. The outer contact surface 59 has a nominal
diameter corresponding generally to the diameter of the
first clutch means 21 and is adapted to contact the first
clutch means 21. The outer contact surface 59 has a
nominal diameter corresponding generally to the diam-
eter of the second clutch means 22, and is adapted to
contact the second clutch means 22. Further, the inner
and outer contact surfaces 58, 59 are stepped in relation-
ship to each other. That is, the outer contact surface 59
protrudes from the clutch pressure plate 54 toward the
second clutch means 22 a greater distance than the inner
contact surface 58 protrudes from the clutch pressure
plate 54 toward the first clutch means 21.
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Hydraulically activated piston means comprised of,
for example, an annular piston 60, is located 1n the hous-
ing 11 coaxial with the second clutch means 22 but on
the opposite side thereof from the clutch pressure plate
54. The piston 60 is adapted to move toward and away

from the second clutch means 22 in the direction of the

longitudinal axis of the driving shaft 13 and to contact
the second clutch means 22 on the side of the second
clutch means 22 opposite that side of the second clutch
means 22 contacted by the outer contact surface 59 of
the clutch pressure plate 54 so that the second clutch
means 22 will be compressed between the outer contact
surface 59 of the clutch pressure plate 54 and piston 60.

Biasing means, such as a wave-type circular spring
61, is coaxially disposed with the piston 60 and located
between the second clutch means 22 and the piston 60
to bias the piston 60 in a direction away from the second
clutch means 22.

The hydraulically activated piston means also com-
prises an annular reaction chamber 62 formed in the
gear housing 11 coaxial with the annular piston 60. The
annular reaction chamber 62 is adjacent to and open to
the annular piston 60 and cooperates with the piston to
define a closed hydraulic reaction space for hydraulic
fluid working on the annular piston 60. An annularly
shaped seal 63 is located in the annular chamber 62 at
the annular piston 60 to seal against the working flud

leaking past the annular piston 60.
In operation, to shift the overdrive transmission de-

vice 10 into the overdrive mode (shown in FIG. 2), the

.. move the clutch plates 51 and discs 52 of the second
clutch 22 along their spline connections with the hous- 40

first clutch means 21 is disengaged and the second
clutch means 22 is simultaneously engaged. To accom-
plish this working fluid is pumped into the annular
chamber 62 and the hydraulic pressure of the fluid 1n
the annular chamber 62 moves the annular piston 60 (to

~ the left in FIG. 2), overcoming the biasing force of the

wave-type circular spring 61, toward and into contact
with the second clutch means 22 with sufficient force to

. ing wall 11 and planet gear carrier flange 42, respec-
..tively, and against the outer contact surface 59 of the

spring biased clutch pressure plate 54. The spring biased
clutch pressure plate 54 is caused to move in a direction

away from the clutch plates 51 and clutch discs 52 of 45

the second clutch means 22 compressing the compres-
sion springs 55 until the hydraulic force against the
annular piston 60 is no longer greater enough to further
compress the compression springs 55. Thus, the clutch
plates 51 and clutch plates 52 of the second clutch 22 are
compressively sandwiched between the annular piston
60 and outer contact surface 59 of the spring biased
clutch pressure plate 54. This causes the alternating
clutch plates 51 and clutch discs 52 to frictionally en-
gage with one another so that there can be no relative
rotational movement therebetween and the second
clutch means 22 is engaged. Due to the splined engage-
ment of the internal splines of the clutch discs 52 with

the external splines 43 of circumferential flange 42 the

planet gear carrier 20, and the splined engagement of

‘the external splines of the clutch plates 51 with the

splines 53 of the gear housing wall 11, the planet gear
carrier 20 is locked or coupled to the gear housing.
Therefore, the planet gear carrier 20 1s prevented from
rotating and is held stationary.

As the hydraulically activated annular piston 60
moves the clutch plates 51 and discs 52 of the second
clutch means 22 against the outer contact surface 59 of
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the pressure plate 54, it exerts a force against the pres-
sure plate 54 and causes it to axially move away from
the first clutch means 21 and second clutch means 22,
against the force of the compression springs 35, a suffi-
cient distance, due to the stepped configuration of the
inner and outer contact surfaces 58 and 59, respectively,
to concurrently move the inner contact surface 58 of
the clutch pressure plate 54 out of contact with the first
clutch means 21. Thus, there i1s no axial force on the
clutch plates 59 and discs 50 of the first clutch means 21,
which would otherwise move them into mutual fric-
tional engagement, and they are free to rotatably move
relative to each other about thetr common axis. Thus,
the first clutch means 21 becomes disengaged. As a
result, the second sun gear 16 is free to rotate relative to
the stationary planet gear carrter 20.

In summary, the overdrive transmission device 10 1s
shifted into the overdrive mode by means of the hydrau-
lically activated second clutch means 22 which also
concurrently engages the resiliently biased first clutch
means 22.

When the driving shaft 13 is caused to rotate in, for
example, a clockwise rotation by a prime mover
through the primary transfer case or transmission of a
motor vehicle, the first sun gear 15, being connected to
the driving shaft 13, of course, rotates in a clockwise
direction with the driving shaft 13. The driving sun gear
15 being in constant mesh with the first set of planet
gears 18 causes the first planet gears 18 to rotate about
the planet gear shafts 36 but in an opposite rotational
direction, for example, counter-clockwise. The second
planet gears 19 being connected with the first planet
gears 18 rotate with the first planet gears 18 at the same
angular velocity and in the same rotational direction.

With the second clutch means 22 engaged, prevent-
ing rotation of the planet carrier 20 about the driving
shaft 13, the first clutch means 21 is disengaged allow-
ing rotation of the driven sun gear 16 relative to the
stationary planet gear carrier 20. Since the second
planet gears 19 are in constant mesh with the externally
toothed gear portion 26 of the driven sun gear 16, the
driven sun gear 16 is caused to rotate in a clockwise
direction. The driven shaft 14, being drivingly con-
nected to the driven sun gear 16 by means of the mating
splines 32 of the driven shaft 14 and internal splines 30
of the circumferential flange 28 of the driven sun gear
16, 1s caused to rotate with the driven sun gear 16 in the
same rotational direction, 1.e., clockwise.

The final driven shaft to driving shaft ratio is, of
course, a function of the ratios of the driving sun gear 15
to first planet gears 18, first planet gears 18 to second
planet gears 19, and second planet gears 19 to the exter-
nally toothed gear portion 26 of the driven sun gear 22.

In a preferred embodiment, the pitch diameters of these

components were chosen to give a driving shaft 13 to
driven shaft 14 ratio of 0.76:1.00, and are as follows:

Driving Sun Gear: 1.59627

First Planet Gear: 1.39673

Second Planet Gear: 1.59627

Externally Toothed Gear Portion of Driven Sun

Gear: 1.39673

In operation, to shift the overdrive unit 10 out of the
overdrive mode (shown in FIG. 2) and into the direct
drive mode (shown in FIG. 3), the first clutch means 21
is engaged and the second clutch means 22 is simulta-
neously disengaged. Fluid is removed from the annular
chamber 62 and the hydraulic pressure in the annular
chamber 62 is, thus, relieved. The wave-type circular
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spring 61 forces the annular piston 60 away from the
clutch plates 51 and clutch discs 52 of the second clutch
means 22 so that the annular piston 60 no longer exerts
a force against the clutch plates 51 and discs 52 of the
second clutch means 22. The clutch pressure plate 54
moves toward the clutch plates 51 and discs 52 of the
second clutch 22, and the clutch plates 49 and discs 50
of the first clutch means 21 under the influence of the
compression springs 55. Because the plates 51 and discs
52 of the second clutch means 22 are no longer being
forced together between the outer clutch contact sur-
face 59 of the clutch pressure plate 54 and annular pis-
ton 60, there 1s no mutual frictional engagement and the
clutch plates 51 and discs 52 are free to rotatably move
relative to each other, thus, the second clutch means 22
is disengaged. Therefore, the planet carrier 20 is no
longer locked to the housing 11 and is free to rotate.
As the clutch pressure plate 54 moves toward the first

clutch means 21 and the second clutch means 22 under
the influence of the compression springs 55, the inner
clutch contact surface 58 of the clutch pressure plate 54

moves into contact with the clutch plates 49 and discs
50 first clutch means 21 forcing them together in the
direction of the longitudinal axis of the planet gear
carrier 20 and into mutual frictional engagement so that
there can be no relative rotational movement therebe-
tween, thus, the first clutch means 21 is engaged. There-
fore, due to the splined engagement of the internal
splines of the clutch discs 50 to the external splines 29 of
the circumferential flange 28 of the driven sun gear 16,
and the splined engagement of the external splines of
the clutch plates 49 to the internal splines 44 of the
circumferential flange 42 of the planet gear carrier 20,
the second sun gear 16 is locked to the planet gear
carrter 20 for rotation with planet gear carrier 20.

In summary, the overdrive transmission device 10 is
shifted into the direct drive mode by means of the resil-
1ently biased second clutch means 22 upon disengage-
ment of the hydraulically activated first clutch means
21.

When the driving shaft 13 is caused to rotate in, for
example, a clockwise rotational direction by a primary
transfer unit or transmission, the driving sun gear 15,
being connected with the driving shaft 13, rotates with
the driving shaft 13 in a clockwise direction. The driv-
ing sun gear 15 being in constant mesh with the first
planet gears 18 drives the first and second planet gears
18 and 19, respectively. Because the planet gear carrier
20 1s locked to the driven sun gear 16 by means of the
first clutch means 21, the first and second planet gears
cannot rotate about their planet gear shafts 36 and,
therefore, the planet gear carrier 20 is driven to rotate
with the first sun gear 15 and drives the second sun gear
16 in the same rotational direction and angular velocity
as the driving shaft 13. The driven shaft 14, being driv-
ingly connected to the driven sun gear 16, by means of
the mating splines 32 of the driven shaft 14 and internal
splines 30 of the circumferential flange 28 of the driven
sun gear 16, .1s caused to rotate with the planet gear
carrier 20 1n the same axial direction, i.e., clockwise.
Thus, the driving shaft 13 and the driven shaft 14 have
the same angular velocity.

It should be clearly understood from the foregoing
discussion of the operation of the overdrive transmis-
sion device 10 that one or the other of the first clutch
means 21 and second clutch means 22 is always en-
gaged. There is no time that both the first clutch means
21 and second clutch means 22 are concurrently en-
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gaged nor concurrently disengaged. Furthermore, the
engagement of one of the first clutch means 21 or sec-
ond clutch means 22 takes place simultaneously with
the disengagement of the other clutch means.

The fluid used to hydraulically move the annular
piston 60 toward and into contact with the second
clutch means 22 is the lubricating oil used to lubricate
the gears and shafts of the overdrive transmission unit
10 1tself.

With reference to FIGS. 1, 4 and 9, an oil pump,
generally denoted as the numeral 64, is driven by the
driven shaft 14 through the geared shaft 34. The oil
pump 64 is used to both pump oil from the oil sump 12
for lubricating the gears and shafts of the overdrive unit
10 and as the working fluid for the annular piston 60 of
the second clutch means 22. The oil pump 64 is in fluid
flow communication with the oil in the sump 12 by
means of, for example, a first oil passageway 65, and in
fluid flow communication with the. interior of the gear
housing 11 by means of, for example, a first branch 66 of
a two branched o1l passageway 67.

A spring loaded relief valve 68 is disposed down-
stream of the oil pump 64 in a second branch 69 of the
two branched oil passageway 67. An oil port 70 is
formed through the wall of the relief valve 68 and is in
fluid flow communication with the oil sump 12. The
relief valve 68 is biased to a closed position closing the
port 70 by means of, for example, a spring 71. The relief
valve 68 also includes a magnetic stem portion 72 which
generates a magnetic flux.

A switch 73, such as a mercury reed switch which is
closed by magnetic flux, is located immediately adja-
cent the magnetic stem 72 of the relief valve 68 within
the field of the magnetic flux generated by the magnetic
stem portion 72 of the relief valve 68. |

Now with reference to FIGS. 1 and 10, the oil pump
64 1s also 1n fluid flow communication with the annular
pocket 62 for activating the annular piston 60 through a
hydraulic circuit which comprises a solenoid activated-
spring return hydraulic spool valve 74 downstream of
the oil pump 64. The spool valve 74 includes an electric
solenoid 75 connected at one end of the spool 76 of the
spool valve 74 which moves the spool 76 in one direc-
tion when it 1s activated, and a compression spring 77
abutting the opposite end of the spool 76 which moves
the spool 76 in the opposite direction when the solenoid
75 is de-activated. The spool valve 74 is formed with a
first o1l port 78 through its wall between the ends of the
spool 76 proximate the end of the spool 76 having the
compression spring 77. The first oil port 78 is in fluid
flow communication with the oil pump 64 through an
o1l passageway 79. The spool valve 74 is also formed
with a second oil port 80 through its wall between the
ends of the spool 76 proximate the end of the spool 76
which is connected to the solenoid 75. The second oil
port 80 is in fluid flow communication with the annular
chamber 62 through appropriate passageways formed
in the housing 11. A third oil port 81 is formed through
the wall of the spool valve 74 proximate the second oil
port 80, but spaced to the opposite side thereof from the
first oil port 78. The third oil port 81 is in fluid flow
communication with the oil sump 12.

With reference to FIG. 11, an electric indicating and
energizing circuit, generally denoted as the numeral 82,
1s provided to activate the solenoid 75 of the solenoid
activated spool valve 74. This indicating and energizing
circuit includes, in series, the reed switch 73 and an
indicator light 83, and, in series, a manually operated
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solenoid activation switch 84 and the solenoid 75 of the
solenoid operated spool valve 74. The reed switch 73 1s
also in series with the manually operated solenoid acti-
vation switch 84 so that the solenoid 75 of the spool
valve 74 can only be activated by the solenoid activa-
tion switch 84 when the reed switch 73 is closed and the
indicator light 83 is illuminated.

In operation, the oil pump 64 pumps oil from the oil
sump 12 through the first branch 66 of the two
branched passageway 67 to the interior of the gear
housing 11 for lubrication, and into the second branch
69 of the two branched passageway 67 to the relief
valve 68. When the relief valve 68 is closed, oil is pre-
vented from passing through the oil port 70.

The solenoid 75 of the solenoid activated hydraulic
spool valve 74 is de-energized and the spool 76 1s biased
by the spring 77 so that the spool 76 closes the first oil
port 78, thus, preventing oil from flowing through the
first oil passageway 79 from the oil pump 64 and into
the spool valve 74. The second -port 80 in the spool
valve 74 remains open so that oil can drain from the
annular chamber 62 of the second clutch means 22 into
the spool valve 74, and the third port 81 is open so that
oil can drain from the spool valve 74 to the o1l sump 12.

As the speed of the input shaft 13 increases, corre-
sponding to an increase in engine speed, the o1l pump 64
moves an increasing volume rate of flow of oil into the

two branched oil passageway 67. As the volume rate of

. flow increases to a predetermined value, for example 2.3
gallons per minute, the force of the oil begins to over-

come the force of the spring 71 which holds the relief

valve 68 closed, and the relief valve 68 begins to move
~ toward an open position against the force of the spring

71 gradually opening the oil port 70. This allows oil to
flow from the second branch 69 of the two branched

- passageway 67 through the now open port 70 and back
. into the sump 12.

As the relief valve 68 moves to the full open position,

- the magnetic flux responsive reed switch 73 senses the
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of flow of oil moved by the oil pump gradually de-
creases. As this volume rate of flow decreases to a valve
below the predetermined valve, the force of the oil in
the second branch 79 of the two branched oil passage-
way 67 is no longer sufficient to hold the spring loaded
relief valve 68 open against the force of the spring 71,
and the spring 71 gradually moves the rehef valve 68
back toward its closed position closing the oil port 70.
As the relief valve 68 moves in the second branch 69 of
the two branched passageway 67 to the closed position,
the magnetic flux responsive reed switch 73 senses the
corresponding movement of the magnetic stem 72 of
the relief valve 68 and opens, thus, de-energizing the
indicator light 83 and opening the indicating and ener-
gizing circuit 82. When the indicating and energizing
circuit 82 is open, no current flows to the solenoid 75 of
the solenoid activated spool valve 74, and the solenoid
75 1s de-energized.

Upon de-energization of the solenoid 75, the return
spring 77 of the spool valve 74 moves the spool 76 to
close the first oil port 78 and, concurrently, to open the
third oil port 81 of the spool valve 74. Oil 1s thus pre-
vented from passing through the now closed first port
78 and into the spool valve 74. The annular chamber 62
of the second clutch 22 is now open to the oil sump 12
through the open second oil port 80 and into the spool
valve 74, and out of the spool valve 74 through the now

~ open third oil port 81 and into the oil sump 12. As the oil
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" corresponding movement of the magnetic stem 72 of 40

" the relief valve 68 and closes the indicating and energiz-

“ing circuit 82 illuminating the indicator light 83.

When the indicator light 83 is illuminated, the vehicle
operator can manually energize the solenoid 75 of the
spool valve 74 by closing the manually operated sole-
noid activation switch 84.

Upon energization, the solenoid 75 moves the spool
76 of the spool valve 74 against the force of the spool
return spring 77 to open the first oil port 78 in the spool
valve 74 and close the third oil port 81 in the spool
valve. The second oil port 80 in the spool valve remains
open. Thus, oil is now allowed to flow through the first
oil passageway 79 from the oil pump 64 and into the
spool valve 74. Because the second oil port 80 1s open
and the third oil port 81 is closed, the oil flowing into
the spool valve 74 through the first oil port 78 is chan-
neled through the second oil port 80 and into the annu-
lar chamber 62 of the second clutch means 22. The
pressure of the oil in the annular chamber 62 exerts a
force on the annular piston 60 forcing the annular piston
60 against the clutch plates 51 and discs 52 of the second
clutch means 22 activating or engaging the second
clutch means 22 and concurrently de-activating or dis-
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engaging the first clutch means 21, and the overdrive

transmission device shifts to the overdrive mode as
hereinabove discussed and shown in FIG. 2.

When the speed of the input shaft 13 decreases, corre-
sponding to a decrease in engine speed, the volume rate

65

in the annular chamber 62 drains to the oil sump 12, the
hydraulic pressure in the annular chamber 62 1s re-
lieved. Upon relief or decrease of the hydraulic pressure
in the annular chamber 62, the wave-type circular
spring 61 moves the annular piston 70 away from the
second clutch means 22 so that the piston 60 1s no longer
forced against the clutch plates 51 and discs 52 of the
second clutch means 22 and no longer forcably sand-
wiches clutch plates 51 and discs 52 together between 1t
and the clutch pressure plate 54. Thus, the second
clutch means 22 is disengaged and the first clutch means
21 is concurrently engaged and the overdrive transmis-
sion device 10 is in the direct drive mode as hereinabove
discussed and shown in FIG. 3.

It should be clearly noted from the foregoing discus-
sion of the hydraulic circuitry and electrical indicating
and energizing circuitry that a failure either in-the hy-
draulic circuitry or electrical indicating and energizing
circuitry will automatically result in the engagement of
the first clutch means 21 and simultaneous disengage-
ment of the second clutch means 22. Thus, if the hy-
draulic circuitry, or the electrical indicating and ener-
gizing circuitry fails, the overdrive transmission device
10 will shift into the direct drive mode, if it 1s not al-
ready in the direct drive mode when the failure occurs.

FIG. 12 illustrates -another advantageous embodi-
ment of an overdrive transmission 110 embodying vari-
ous features of the present invention to allow decreased
engine speed at a given road speed.

The overdrive transmission 110 includes a housing
111 having an oil sump 112 in fluid communication with
the gear housing, a driving shaft 113 rotatably mounted
in the housing 111 and projecting from one end thereof,
and a driven shaft 114 rotatably mounted in the housing
111 and projecting from the opposite end of the hous-
ing. As illustrated, the driven shaft 114 is coaxial with
the driving shaft 113. A driving, or first sun gear 115 is
concentrically disposed with the driving shaft 113 and
connected thereto for rotation therewith. A driven, or
second sun gear 116 is concentrically located with re-
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spect to the first sun gear 115 for rotation about a com-
mon axis with the driving sun gear and is drivingly
connected to the driven shaft 114. The driven sun gear
116 has a smaller pitch circle than the driving sun gear
115. A planatary gear train 117 couples the driving shaft
113 to the driven shaft 114. The planetary gear train 117
includes a first set of planet gears 118 and a second set
of planet gears 119 mounted on a common planet gear
carrier 120. The first set of planet gears 118 are each in
mesh with the driving sun gear 115, and the second set
of planet gears 119 are each in mesh with the driven sun
gear 116. A first clutch means 121 is used to selectively
couple and uncouple the planet gear carrier 120 to the
driven shaft 114, and a second clutch means 122 is used
to concurrently, selectively uncouple and couple the
planet carrier 120 to the housing 111.

The driving shaft 113 is mounted in the housing 111
by means of a roller bearing 123 located in the housing
111. A shaft seal 125 seals against oil leakage past the
bearing and the driving shaft 113. |

As shown, the first set of planet gears 118 comprises
three first planet gears equally spaced from each other
around the driving sun gear 115, and in constant mesh
with the driving sun gear 115. The second set of planet
gears 119 also comprises three second planet gears
equally spaced from each other around the driven sun
gear 116, and 1in constant mesh with the driven sun gear
116. Each one of the first planet gears 118 is coaxially
disposed on a common planet gear shaft 136 of the
planet gear carrier 120 with a different one of the sec-
ond planet gears 119. The first planet gears 118 have a
smaller pitch circle than the second planet gears 119.
Further, the first and second planet gears, 118 and 119,
respectively, on a common shaft 136, are connected
together for concurrent rotation around their common
gear shaft 136 at the same angular velocity. Preferably,
each set of first and second planet gears on a common
gear shaft are integrally formed. |

The planet gear carrier 120 is illustrated as compris-
ing a two part assembly of a first circular plate 137 and
a coaxially disposed second circular plate 138. The first
and second planet carrier plates 137 and 138, respec-
tively, are attached together by means of, for example,
a plurality of bolts 141 which pass through appropriate
mating apertures formed in the first and second plates.
The three planet gear shafts 136 are disposed in a circu-
lar equally spaced apart array between the first and
second plates 137 and 138 with their longitudinal axes
mutually parallel and parallel to the driving shaft 113.
Each planet gear shaft 136 is attached at one of its ends
to the first plate 137 and at the other of it’s ends to the
second plate 138. The second planet carrier plate 138 is
also formed with a circumferential flange 142 which
projects generally from the periphery of the second
plate 138 rearwardly or in a direction away from the
first plate 137. The circumferential flange 142 is also
formed with external splines 143 and internal splines
144. Both the first and second carrier plates 137 and 138
are formed with centrally located bores or apertures
145 and 146, respectively, which are coaxial with each
other and with the circumferential flange 142, and are of
a larger diameter than the driving shaft 113 and driven
shaft 114. The planet gear carrier 120 is located in the
housing 111 coaxial with both the driving shaft 113 and
the driven shaft 114. The driving shaft 113 is received
through the aperture 145 in the front plate 137 and the
driven shaft 114 is received through the rear plate 138.
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The planet gear carrier 120 also has a circumferential
flange 147 projecting from the periphery of the aperture
146 of the second or rear end plate 138 of the carrier 120
in a direction away from the first or front plate 137 of
the carrier, and is mounted for rotation in the housing
111 by means of, for example, a roller bearing 148 lo-
cated in the annular space between the driven shaft 114
and circumferential flange 146 with its inner race
mounted to the driven shaft 114 and its outer race in
contact with the circumferential flange 147.

An annularly shaped first clutch mounting armature
127 1s coaxially disposed with the driven shaft 114. The
armature 127 includes a circumferential flange 128 pro-
jecting from its periphery. The circumferential flange
128 has a smaller outside diameter than the inside diam-
eter of the circumferential flange 142 of the planet car-
rier 120 and is concentrically located with the circum-
ferential flange 142 of the planet carrier 120 so that an
annular space is defined therebetween. The annular
shaped first clutch mounting armature is attached to the
driven shaft 114 for rotation therewith by means of, for
example, mating splines formed in the driven shaft 114
and center bore of the annular first clutch mounting
armature 127. The outside diameter peripheral surface
of the flange 128 of the armature 127 is also formed with
splines 129 for a reason hereinafter explained.

The first clutch means 121 is an axially activated
multi-disc type clutch comprised of a plurality of coaxi-
ally disposed, alternating, first friction members such as,
for example, annularly shaped clutch plates 149, and
second friction members, such as, for example, annu-
larly shaped, clutch discs 150 which coact to provide a
plurality of friction contact surfaces. The first clutch
121 1s disposed in an annular spaced defined between
the external splined peripheral surface 129 of the pe-
ripheral flange 128 of the clutch mounting armature 127
and the rearwardly internally splined peripheral cir-
cumferential flange 142 of the planet gear carrier 120.
The annularly shaped clutch discs 150, for example, are
internally splined and mate with the external splines 129
of the peripheral flange 128 of the first clutch mounting
armature 127 for rotation with the driven shaft 116 and
for relative movement along the driven shaft 116 in the
splines 129 1n the direction of, or along the longitudinal
axis of the driven. shaft 114. The annularly shaped
clutch plates 149, for example, are externally splined
and mate with the internal splines 144 formed in the
rearwardly projecting circumferential flange 142 of the
planet gear carrier 120 for rotation with the planet gear
carrier 120 and relative movement along the splines 144
in the direction of, or along the longitudinal axis of the
driven shaft 114.

The second clutch means 122 is also an axially acti-
vated multi-disc type clutch similar to the first clutch
means 121 and is comprised of a plurality of coaxially
disposed alternating first friction members, such as an-
nularly shaped clutch plates 151, and second friction
members, such as annularly shaped clutch discs 152
which coact to provide a plurality of friction contact
surfaces. The second clutch is disposed in an annular
space defined between the wall of the gear housing 111
and the rearwardly extending circumferential flange
142 of the planet gear carrier 120. The clutch discs 152,
for example, are internally splined and mate with the
external splines 143 formed in the circumferential flange
142 of the planet gear carrier 120 for rotation with the
planet gear carrier 120 and relative movement thereto
along the splines 143 in a direction of, or along the



4,567,788

. 15

longitudinal axis of the driven shaft 114. The clutch
plates 151, for example, are externally splined and mate
with splines 153 formed in the housing 111 oppostte the
circumferential flange 142 of the planet gear carrier 120
fixing the clutch plate 151 against rotation and provid-
ing for movement relative to the wall of the housing 111
along the splines 153 in the direction of, or along the
longitudinal axis of the driven shaft 114.

A clutch pressure plate 154 is disposed in the housing
111 in concentric relationship with the driven shaft 114.
The clutch pressure plate 154 is biased in the direction
of the longitudinal axis of the driven shaft 114 toward
the first and second clutch means 121 and 122 by biasing
means such as, for example, a plurality of compression
springs 155. The compression springs 155 are 1llustrated
as coil springs each having one end seated in a different
appropriate pocket 156 formed in the end wall of the
housing 111 and the other end seated in an appropriate
pocket 157 formed in the clutch pressure plate 154. The
clutch pressure plate 154 has two concentric clutch
contact surfaces 158 and 159 formed in its face adjacent
the first and second clutch means 121 and 122, respec-
tively. The inner contact surface 158 has a nominal
diameter corresponding generally to the diameter of the
first clutch means 121, and is adapted to engage the first
clutch means 121 and provide rolling contact between
the first clutch means 121 and the pressure plate 154
such as by roller bearings as shown. The outer contact
. surface 159 has a nominal diameter corresponding gen-
- erally to the diameter of the second clutch means 122,
~ and is adapted to engage the second clutch means 122.
~ Further, the inner and outer contact surfaces 158 and
159 are stepped in relationship to each other. That is,
~ the inner contact surface 158 protrudes from the face of
the clutch plate 154 toward the first clutch means 121
- by a greater distance than the outer contact surface 159
" protrudes from the face of the clutch pressure plate 154
.- toward the second clutch means 122.

. Hydraulically actuated piston means comprised of,
. for example, an annular piston 160, is located in the
- housing 111 coaxial with the second clutch means 122

but on the opposite side thereof from the clutch pres-

sure plate 154. The annular piston 160 is of a deep
cupped configuration and is adapted to, move toward
and away from the second clutch means 122 in the
direction of the longitudinal axis of the driving shaft 113
and driven shaft 114 and to contact the second clutch

‘means 122 on the side of the second clutch means 122

opposite that side thereof contacted by the outer
contact surface 159 of the clutch pressure plate 154 so
that the second clutch means 122 will be compressed
between the outer contact surface 159 of the clutch
pressure plate 154 and the hydraulic piston 160.
Baising means, such as small compression coil springs
161 coact between the clutch pressure plate 154 and the
annular piston 60 to biase the piston 60 away from the
second clutch means 122. The small compression coil
springs 161 are disposed in pockets formed in the hous-
ing 111 around the periphery of the second clutch
means 122. One end of each compression coil spring 161
is in contact with the clutch contact face of the hydrau-
lic piston 160, and has its other end in contact with the
outer contact surface 159 of the clutch pressure plate
154. The total spring modulus of the small coil springs
161 is less than the total spring modulus of the compres-
sion springs 155 and, therefore, do not cause the clutch
pressure plate 154 to move against the force of the com-
pression springs 155 which biase the clutch pressure

16

plate 154 toward the first clutch means 121 and second

. clutch means 122.
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The hydraulically activated piston means also In-
cludes an annular chamber 162 formed in the housing
111 coaxial with the annular piston 160. The annular
chamber 162 is defined by the housing 111 near the
front wall thereof, and the hydraulic piston 160 to de-
fine a closed hydraulic reaction space for hydraulic
fluid working on the annular piston 160. An annular seal
163 is located in an appropriate seal seat formed around
the outside peripheral surface of the hydraulic piston
160 to seal against the working fluid leaking past the
piston between the piston 160 and the housing wall 111.
Another seal 163A is seated in an appropriate seal seat
in the piston to seal between the piston and the front
wall of the housing.

In operation, to shift the overdrive transmission de-
vice 110 into the overdrive mode, the first clutch means
121 is disengaged and the second clutch means 122 1s
simultaneously engaged. To accomplish this, working
fluid is pumped into the annular chamber 162 and the
hydraulic pressure of the fluid in the annular chamber
162 moves the annular piston 160, overcoming the bias-
ing force of the piston biasing coil springs 161, toward
and into contact with the second clutch means 122 with
sufficient force to move the clutch plates 151 and discs
152 of the second clutch means 122 along their splined
connections with the housing wall 111 and planet gear
carrier flange 142, respectively, and against the outer
contact surface 159 of the spring biased clutch pressure
plate 154. The spring biased clutch pressure plate 154 is
caused to move compressing the compression springs
155 until the hydraulic force against the annular piston
160 is no longer great enough to further compress the
compression springs 155. Thus, the clutch plates 151
and clutch discs 152 of the second clutch 122 are com-
pressively sandwiched between the annular piston 160
and the outer contact surface 159 of the spring biased
clutch pressure plate 154. This causes the alternating
clutch plates 151 and clutch discs 152 to frictionally
engage with one another so that there can be no relative
rotational movement therebetween and the second
clutch means 122 is engaged. Due to the splined engage-
ment of the internal splines of the clutch discs 152 and
the external splines 143 of the circumferential flange 142
of the planet gear carrier 120, and the splined engage-
ment of the external splines of the clutch plates 151 with
the splines 153 of the gear housing wall 111, the planet
gear carrier 120 is locked or coupled to the gear hous-
ing. Therefore, the planet gear carrier 120 is prevented
from rotating and is held stationary.

When the hydraulically actuated annular piston 160
moves the clutch plates 151 and clutch discs 152 of the

second clutch means 122 against the outer contact sur-
face 159 of the pressure plate 154, it exerts a force
against the clutch pressure plate 154 and causes it to
axially move away from the first clutch means 121
against the force of the compression springs 155, a sig-
nificant distance, and due to the stepped configuration
of the inner and outer contact surfaces 158 and 159, to
concurrently move the inner contact surface 158 of the
clutch pressure plate 154 out of contact with the first
clutch means 121. Thus, there is no axial force on the
clutch plates 149 and clutch discs 150 of the first clutch
means 121 and they are free to rotatably move relative
to each other about their common axis and the first
clutch means 121 is disengaged.
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In summary, when the overdrive transmission device
110 1s shifted into the overdrive mode, the second
clutch means 122 is engaged and the first clutch means
121 1s simultaneously disengaged.

In the overdrive mode, when the driving shaft 113 is
caused to rotate in, for example, a clockwise rotation by
a prime mover of a motor vehicle, the first sun gear 115
being connected to the dniving shaft 113, of course,
rotates in a clockwise direction with the driving shaft
113. The driving sun gear 115 being in constant mesh
with the first set of planet gears 118 causes the first
planet gears 118 to rotate above the planet gear shafts
136 but 1n the opposite rotational direction, for example,
counterclockwise. The second planet gears 119 being
connected with the first planet gears 118 rotate with the
first planet gears 118 at the same angular velocity and in
the same rotational direction.

With the second clutch means 122 is engaged, pre-
venting rotation of the planet carrier 120, and the first
clutch means 121 is disengaged, the planet gears 118 and
119 revolve about the driving sun gear 115. As the
planet gears 118 and 119 revolve about the driving sun
gear 115, they cause the driven sun gear 116 to rotate in
the same rotational direction as the driving shaft 113.
The driven shaft 114, being drivingly connected to the
driven sun gear 116, is caused to rotate with the driven
sun gear 116 in the same rotational direction, i.e., clock-
wise.

In order to shift the overdrive unit 110 out of the
overdrive mode and into the direct drive mode, the first
clutch means 121 1s engaged and the second clutch
means 122 is simultaneously disengaged. To accomplish
this, pressure is relieved from the annular chamber 162.
The small compression coil springs 161, together with
the springs 155, coacting between the clutch pressure
plate 154 and the hydraulic piston 160 force the annular
hydraulic piston 160 away from the clutch plates 151
and clutch discs 152 of the second clutch means 122
axially of the driving shaft 113 and driven shaft 114
toward the front of the transmission housing so that the
-annular piston 160 no longer exerts a force against the
friction members 151 and 152 of the second clutch
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means 122. The clutch pressure plate 154 moves toward

the clutch plates 151 and clutch discs 152 of the second
clutch means 122 and the clutch plates 149 and clutch
discs 150 of the first clutch means 121 under the influ-
ence of the compression springs 155. Because the clutch
plates 151 and clutch discs 152 of the second clutch
means 122 are no longer being forced together between
the outer clutch contact surface 159 of the clutch pres-
sure plate 154 and the annular piston 160, there is no
mutual frictional engagement and the clutch plates 151
and clutch discs 152 are free to rotatably move relative
to each other and the second clutch means 122 is disen-
gaged. Therefore, the planet gear carrier 120 is no
longer locked to the housing and is free to rotate.

As the clutch pressure plate 154 moves toward the
first clutch means 121 and the second clutch means 122
under the influence of the compression springs 155, the
mner clutch contact surface 158 of the clutch pressure
plate 154 moves into contact with the clutch plates 149
and clutch discs 150 of the first clutch means 121 forc-
ing them together in the direction of the rotational axis
of the planet gear carrier 120 to mutual frictional en-
gagement so that there can be no relative movement
therebetween and the first clutch means 121 is engaged.
Thus, due to the engagement of the splines of the clutch
discs 150 to the external splines 129 on the outside pe-
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ripheral surface of the first clutch mounting armature
127, and the engagement of the external splines of the
clutch plates 149 to the internal splines 144 of the cir-
cumferential flange 142 of the planet gear carrier 120,
the driven shaft 114 is locked to the planet gear carrier
120 for rotation therewith at the same annular velocity
and 1n the same rotational direction as the driving shaft
113.

When the driving shaft 113 is caused to rotate in, for
example, a clockwise rotation, the driving sun gear 155,
being connected to the driving shaft 113 rotates with
the driving shaft 113. The driving sun gear 115 being in
constant mesh with the first planet gears 118 drives the
planet carrier 120 so that the planet gear carrier 120
rotates with the driving sun gear 115 in the same direc-
tion of rotation. The planet gear carrier 120 being
locked to the driven shaft 114 by means of the first
clutch means 121 causes the driven shaft 114 to rotate in
the same direction and at the same angular velocity as
the planet gear carrier 120 and driving shaft 113.

Another embodiment of an overdrive transmission
210, embodying various features of the present inven-
tion as applied to a single planetary gear construction, is
illustrated in FIG. 13. As with the previously discussed
two embodiments, the overdrive transmission 210 is
used to allow decreased engine speed at a given road
speed.

The overdrive transmission 210 includes a housing
211 having an oil sump 212 in fluid communication with
the interior of the gear housing, a driving shaft 213
rotatably mounted in the housing 211 projecting from
one end thereof, and a driven shaft 214 rotatably
mounted 1n the housing 211 projecting from the oppo-
site end of the housing. As shown, the driven shaft 214
1s coaxially located with respect to the driving shaft
213. A sun gear 215 i1s concentrically disposed with the
driving shaft 213 and is mounted thereon to allow selec- -
tive relative rotation between the sun gear 215 and
driving shaft 113 about the longitudinal axis of the driv-
ing shaft 213. A planetary gear train 217 couples the
driving shaft 213 to the driven shaft 214. |

The planetary gear train 217 includes a set of planet
gears 218 mounted to a planet gear carrier 220. The
planet gears 218 are each 1n constant mesh with the sun
gear 215. A first clutch means 221 is used to selectively
couple and uncouple the sun gear 215 to the driving
shaft 213 so that when the first clutch means 221 is
engaged the sun gear 215§ will rotate with the driving
shaft 213, and when the first clutch means 221 1s disen-
gaged the driving shaft 213 can rotate relative to the sun
gear 215. A second clutch means 222 is used to concur-
rently and selectively uncouple and couple the sun gear
215 to the transmission housing 211 so that when the
second clutch means 222 1s engaged, coupling the sun
gear 215 to the housing wall, the sun gear 215 is held
stationary and does not rotate with the driving shaft
213. |

The driving shaft 213 is mounted in the gear housing
211 by means of a front bearing 223 located at the end
of the driving shaft 213 in the housing 211, and a rear
bearing 224 at the other end from the driving shaft 213.
A seal 225 seals against oil leakage past the front bearing
223 and the driving shaft 213.

As illustrated, the sun gear 215 is concentrically
mounted over the driving shaft 213 and is spaced there-
from so that the driving shaft 213 is adapted to be ro-
tated independently of the sun gear 218.
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The driven shaft 214 is formed with a central aperture
for receiving the rear bearing 224 which supports the
rear end of the driving shaft 213. Thus, the rear end of
the driving shaft 213 is essentially rotatably supported
by the driven shaft 214. The driven shaft 214 is rotatably
supported in the gear housing 211 by means of a roller
bearing 224 A where the driven shaft protrudes from the
gear housing 211.

The planet gear carrier 220 comprises a first generally
circular end plate 237 spaced from, generally parallel
to, and coaxially disposed with a second generally cir-
cular end plate 238. The first plate 237, for example, has
three flanges 239 equally spaced about its periphery and
projecting toward the second plate 238. The first and
second end plates are attached together by means of
fasteners, such as rivets 241 passing through appropriate
mating apertures formed through the flanges 239 and
through the second plate 238. The three planet gear
mounting shafts 236 are disposed in a circular, equally

spaced-apart array between the first and second plates

237 and 238 with their longitudinal axes mutually paral-
lel and parallel to the driving shaft 213. Each planet
gear shaft 236 is attached at one of its ends to the first
plate 237 and the other of its ends to the second plate
238. Both the first and second end plates 237 and 238 are
formed with centrally located apertures 285 and 286,
respectively, which are coaxial with each other, and of
 alarger diameter than the diameter of the driving shaft
- 213. The central aperture 285 of the first plate 237 longi-
- tudinally receives the driving shaft 213 therethrough
-~ with substantial clearance therebetween, and the central
- aperture 286 of the second plate 238 is formed with gear
teeth 287 which mate with gear teeth 288 formed in the
driving shaft 213 adjacent the support bearing 224 at the
rear end of the driving shaft 213. The planet gear carrier

- 220 is located in the gear housing 211 concentric with
- the driving shaft 213 with the driving shaft 213 being

- received through the central apertures 285 and 286 and
= -with the gear teeth 287 formed in the central aperture
% 286 in mesh with the gear teeth 288 formed in the driv-

~-1ng shaft 213.

The first clutch means 221 is an axially activated
multi-disc type clutch comprised of a plurality of coaxi-
ally disposed alternating first friction members, such as
annularly shaped clutch plates 249, and second friction
members, such as annularly shaped clutch discs 250
which coact to provide a plurality of friction contact
surfaces. The annularly shaped clutch discs 250, for
example, are internally splined and the annularly shaped
clutch plates 249, for example, are externally splined.

The second clutch means 222 1s comprised of a sta-
tionary, annularly shaped cone clutch 289 located in the
housing 211 concentric with the driving shaft 213, and
an annular clutch pressure plate 254 also located in the
housing 211 concentric with the driving shaft 213 next
to the cone clutch 289, and mounted for movement
along the logitudinal axis of the driving shaft 213
toward and away from the cone clutch 289.

The annularly shaped cone clutch 289 is internally
formed with a cone clutch surface 251 and is externally
splined. The external splines of the cone clutch 289
mate with splines 253 formed in the gear housing wall
opposite the cone clutch 289 fixing the cone clutch, and
therefore fixing the cone clutch surface 251, against
rotation. The annular cone clutch 289 is also formed
with a concentric annular spring pocket 257 with 1ts
opening facing toward the clutch pressure plate 254.
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The annular clutch pressure plate 254 is formed with
an external cone clutch surface 252 which 1s adapted to
mate with the cone clutch surface 251 of the annular
cone clutch 289 when the pressure plate 254 moves
toward the annular cone clutch 289. The pressure plate
254 1s also formed with an internal concentric annular
shoulder 242 which is open toward the driving shaft 213
and toward the front end of the transmission. The pe-
ripheral surface of the annular shoulder 242 1s formed
with splines 244. A circumferential flange 290 radially
projects outwardly of the pressure plate 254 and ex-
tends closely past the opening of the annular spring
pocket 257 in the annular cone clutch 289. The clutch
pressure plate 254 also has a second circumferential
flange 291 radially projecting inwardly from a location
near the annular shoulder 242. The second circumferen-
tial flange 291 is formed with internal gear teeth which
mesh with the gear teeth of the sun gear 215 so that the
clutch pressure plate 254 will rotate with the sun gear
215.

An annularly shaped first clutch mounting armature
227 is coaxially located with the driving shaft 213. The
outer peripheral surface of the armature 227 is smaller
in diameter than the inside diameter of the shoulder 242
of the pressure plate 254 and is concentrically located
with respect to the shoulder 242 so that an annular
space is defined therebetween. The annularly shaped
first clutch mounting armature is attached to the driving
shaft 213 for rotation therewith by means of, for exam-
ple, mating splines formed in the driving shaft 213 and
center bore of the annular first clutch mounting arma-
ture 227. The outer peripheral surface of the armature
227 1s also formed with splines 229 facing the splines 244
of the shoulder 242 across the annular space.

- The clutch plates 249 and clutch discs 250 of first
clutch means 221 is located in the annular space be-
tween the outer splined peripheral surface of the arma-
ture 227 and shoulder 242 of the pressure plate 254. The
annularly shaped clutch discs 250, for example, are
internally splined and mate with the splines 229 formed
in the outer peripheral surface of the annular armature
227 so that the clutch discs 250 will rotate with the
driving shaft 213 and can move relative to the driving
shaft along the splines 229 in the direction of the longi-
tudinal axis of the driving shaft. The annularly shaped
clutch plates 249, for example, are externally splined
and mate with the splines 244 formed in the annular
shoulder 242 of the clutch pressure plate 254 so that the
clutch plates 249 will rotate with the pressure plate 254,
and the clutch plates 249 can move relative to the
splines 244 in the shoulder 242 in the direction of, or
along the longitudinal axis of the driving shaft 213. The
first clutch means 221 also comprises a stationary annu-
lar clutch plate 292 concentrically located with the
shoulder 242. |

The clutch pressure plate 254 is biased in the direc-
tion of the longitudinal axis of the drniving shaft 213
away from the annular cone clutch 289 by biasing
means such as, for example, the compression spring 23853.
The compression spring 255 is illustrated as a Bellville
spring pack disposed in the annular pocket 257 1n the
cone clutch 289 so that it bears against the first circum-
ferential flange 290 of the pressure plate 254 through the
opening of the annular pocket 257 and provides rolling
contact such as by roller bearings as shown.

Hydraulically activated piston means comprised of,
for example, an annular piston 260, is located in the gear
housing 211 concentric with the annular cone clutch
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289 but on the opposite side of the first circumferential
radially extending flange 290 of the pressure plate 254
from the annular cone clutch 289. The piston 260 is
adapted to move toward and away from the annular
cone clutch 289 in the direction of the longitudinal axis
of the driving shaft 213 and is adapted to contact the
first circumferential radially extending flange 290 on the
side of the first circumferential flange 290 opposite that
side thereof which 1s contacted by the Bellville spring
pack 2585 in the annular pocket 257 of the cone clutch
289.

The hydraulically activated piston means also com-
prises an annular chamber 262 formed in the gear hous-
ing 211 coaxial with the annular piston 260. The annular
chamber 262 1s adjacent and open to the annular piston
260 and cooperates with the piston 260 to define a
closed hydraulic reaction space for hydraulic fluid
working on the annular piston 260. The face of the
annular piston 260 which comes into contact with the
first circular radially extending flange 290 of the pres-
sure plate 254 is faced with a friction generating face.

An internally toothed ring gear 293 is coaxially dis-
posed with the driving shaft 213 and driven shaft 214
and is concentrically located with the planet carrier 220
with the gear teeth of the ring gear 293 in mesh with the
planet gears 218. The drniven shaft 214 is attached to the
ring gear 293 for rotation therewith.

In operation, to shift the overdrive transmission de-
vice 210 into the overdrive mode, the first clutch means
221 1s disengaged and the second clutch means 222 is
simultaneously engaged. This is done by pumping
working fluid into the annular chamber 262 so that the
hydraulic pressure of the filuid in the annular chamber
262 moves the annular piston 260, overcoming the bias-
ing force of the Bellville spring pack 235, toward the
annular stationary clutch cone 289 of the second clutch
means 222 with sufficient force to move the clutch cone
surface 252 of the pressure plate 254 into frictional
contact with the clutch surface 251 of the annular sta-
~ tionary chutch cone 289 thus engaging the second clutch
means 222. Due to the fact that the annular stationary
cone clutch 289 is connected to the housing 211 so that
it will not rotate, and because the gear teeth formed in
the second circumferential flange 291.of the pressure
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plate 254 are in mesh with the gear teeth of the sun gear
213, the sun gear 2135 1s coupled to the gear housing 211
and 1s itself locked against rotation. Therefore, the sun

gear 215 is prevented from rotating and is held station-
ary while the driving shaft 213 rotates. |

As the hydraulically actuated annular piston 260
moves toward and into contact with the circumferential
flange 290 of the pressure plate 254 and moves the pres-
sure plate 254 toward the annular cone clutch 289
against the force of the Bellville spring pack, the pres-
sure plate 254 moves away from the stationary clutch
plate 292 of the first clutch means 221 relieving the
~ force compressing the alternating clutch plates 249 and
clutch discs 250 of the first clutch 221 into mutual
contact. Thus, there 1s no axial force on the clutch
plates 249 and clutch discs 250 of the first clutch means
221 which would otherwise move them into mutual
frictional engagement and they are free to rotatably
move relative to each other about their common axis
which is coaxial with the longitudinal axis of the driving

shaft 213, and the first clutch means 221 is disengaged.

In summary, when the overdrive fransmission device
is shifted info the overdrive mode, the second cluich
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means 222 is engaged and the first clutch means 221 is
simultaneously disengaged.

When the driving shaft 213 is caused to rotate in, for
example, a clockwise rotational direction, the sun gear
215 1s held stationary by means of its tooth connection
to the pressure plate 254 which is in turn held stationary
by the engaged second clutch means 222. The planet
carrier 220, being connected to the driving shaft 213 by
means of the gear teeth 288 formed in the driving shaft
213 which mate with the gear teeth 287 formed in the
second plate 238 of the planet carrier, rotates with the
driving shaft 213 at the same angular velocity and the
same rotational direction. The planet gears 218 are
thereby caused to rotate in a clockwise direction about
their planetary gear shafts 236 and to revolve in a clock-
wise direction about the stationary sun gear 215. As the
planet gears 218 rotate about their planetary gear shaft
236 and revolve about the stationary sun gear 215, a
clockwise rotational motion is imparted to the ring gear
293 about the longitudinal axis of the driving shaft 213
but at a higher rotational velocity than that of the driv-
ing shaft 213. The driven shaft 214 being connected to
the ring gear 293 rotates the ring gear 293 in the same
rotational direction and the higher angular velocity
than the driving shaft 213.

In operation, to shift the overdrive unit 210 out of the
overdrive mode and into the direct drive mode, the first
clutch means 221 i1s engaged and the second clutch
means 222 is simultaneously disengaged. To accomplish
this hydraulic fluid is removed from the annular cham-
ber 262 with the result that the hydraulic pressure in the
annular chamber 262 1s, thus, relieved. The Bellville
spring pack 255 in the annular pocket 257 of the station-
ary cone clutch 289 exerts a force on the first circumfer-
ential radial flange 290 of the pressure plate 254 pushing
the pressure plate 254 in a direction away from the cone
clutch 289 toward the annular hydraulic piston 260 and
toward the stationary clutch plate 292 of the first clutch

‘means 221. In pushing the clutch pressure plate 254

toward the annular piston 260, the cone clutch surface
252 of the pressure plate 254 is disengaged and the cone
clutch surface 251 of the annular cone clutch 289 and
the second clutch means 222 is disengaged. Therefore,
the pressure plate 254 and sun gear 215 are no longer
locked to the housing.

As the clutch plate 254 moves toward the annular
piston 260 and toward the stationary clutch pressure
plate 292 of the first clutch means 221 under the influ-
ence of the Bellville spring pack 235§, the first clutch
plate 249 and discs 250 which are located in the annular
space defined between the shoulder 242 of the pressure
plate 254 and the outer peripheral splined surface of the
armature 227 are forced by the movable clutch pressure
plate 292 against the stationary clutch pressure plate 292
forcing the clutch plates 249 and clutch discs 250 of the
first clutch means 221 together in the direction of the
longitudinal axis of the driving shaft 213 and into mu-
tual frictional engagement so that there can be no rela-
tive movement therebetween, and the first ciutch means
221 1s engaged. Thus, due to the splined engagement of
the internal splines of the clutch discs 250 to the exter-
nal splines 229 of the first clutch mounting armature
227, and the splined engagement of the external splines
of the clutch plate 249 {o the splines 244 formed 1n the
peripheral surface of the shoulder 244 of the clutch
pressure plate 289, the clutch pressure plate 289 rotates
in the same axial direction and the same angular veloc-
ity as the drniving shaft 213. Furthermore, because of the
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fact that the clutch pressure plate 289 1s connected to
the sun gear 215 by means of the gear teeth formed 1n
the second circumferential flange 291 of the clutch
pressure plate 289, the sun gear 215 revolves with the
clutch pressure plate 289 in the same axial direction and
same angular velocity as the driving shaft 213. Concur-
rently, the planet gear carrier 220, being connected to
the driving shaft 213 by means of the gear teeth 287 of
the central bore 286 in the end plate 238 of the carrier
220 meshing with the gear teeth 288 formed in the driv-
ing shaft 213, also rotates in the same angular direction
and same angular velocity as the driving shaft 213. For
the reason that the sun gear 215 and planet gear carrier
220 are rotating in the same angular direction and the
same velocity as the driving shaft 213, the planet gears
218 do not rotate about their planet gear shafts 236, but
remain stationary relative to the shafts 236 and revolve
with the carrier 220 about the longitudinal axis of the
driving shaft 213 in the same angular direction and at
the same angular velocity as the driving shaft 213. The
ring gear 293 having its internal teeth in mesh with the
teeth of the planet gears 218 rotates with the planet gear
carrier 220 in the same angular direction and the same
angular velocity as the planet gear carrier and, there-
fore, the same angular direction and angular velocity as
the driving shaft 213. The driven shaft 214, being con-
nected to the ring gear 292 for rotation therewith, ro-
tates with the ring gear 292 in the same angular direc-
tion and same angular velocity as the driving shaft 213.
Thus, the driving shaft 213 and driven shaft 214 have
the same angular velocity and direction of rotation.

It is foreseeable that in some instances it would be
desirable that during a shifting event of the overdrive
transmission from the direct drive mode to the over-
drive mode that the first or direct drive clutch be com-
pletely disengaged while the second, or overdrive
. clutch is gradually engaged, and that when shifting
-~ from the overdrive mode to the direct drive mode that

- the second or overdrive clutch be gradually disengaged

. before the first or direct drive clutch 1s engaged. By

=. way of abbreviation, this momentary disengagement of

- the direct drive clutch during a shifting event as the
overdrive clutch is gradually engaged or disengaged
can be referred to as a partially neutral mode.

This partially neutral mode can be incorporated in
any of the embodiments of the overdrive transmission
10, 110 or 210 discussed above. However, for the sake
of brevity, the incorporation of the partially neutral
mode will herinafter be discussed in regard to the em-
- bodiment of the overdrive transmission 110 of FIG. 12.

The modification to the transmission 110 can best be
seen by reference to FIG. 14. The housing 111 1s pro-
vided with stop means, such as a shoulder 185 adjacent
the second or overdrive clutch 122 on the opposite side
thereof from the hydraulic piston 160. The shoulder 185
is not an annular shoulder, but 1s only formed in the
housing at selected intervals around the periphery of
the second clutch 122. The clutch pressure plate 154 1s
modified by eliminating the outer or second clutch piate
contact surface 159, and adding radial extending lips
186 at selected peripheral locations to the clutch pres-
sure plate 154. An annularly shaped second clutch stop
plate 187 1s incorporated into the second clutch 122 on
the opposite side of the second clutch from the hydrau-
lic piston 160 between the second clutch and the shoul-
der stop 185. The annular stop plate 187 1s externally
splined and mates with the internal splines 153 formed
in the housing 111 fixing the stop plate 187 against rota-
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tion and providing for movement relative to the hous-
ing along the splines 153 in the direction of, or along the
longitudinal axis of the driven shaft 114. The biasing
spring 161 which forces the piston 160 away from the

second clutch 122 of the transmission 110 of FIG. 12 1s

removed and replaced by a spring 188 located between
the radial lips 186 and the clutch pressure plate 154. The
spring 188 is, for example, an annularly shaped wave-
type spring and is in constant compression between the
clutch stop plate and the pressure plate 154. The hy-
draulic piston 160 further mcludes a number of fingers
189 extending past the second clutch 122 in appropriate
channels 190 formed in the housing 111 toward the
radial lips 186 of the pressure plate 154. The number of
fingers 189 is equal to the number of radial lips 186 of
the pressure plate 154 and are aligned therewith so that
the ends of the fingers 189 will contact the radial lips
186.

In operation, and as can be best visualized by refer-
ence to FIGS. 14, 15 and 16, which sequentially illus-
trates the overdrive transmission in the overdrive, par-
tially neutral, and direct drive modes, respectively,
when the overdrive transmission 110 1s shifted into the
overdrive mode, as discussed hereinabove, the hydrau-
lic piston 160 moves toward the second clutch 122, and
the fingers 189 contact and push the pressure plate 154
away from the second clutch 122 against the biasing
force of the compression springs 155. When the pres-
sure plate 154 moves away from the second clutch 122
it also, of course, moves away from the first cluich 121
displacing the inner contact surface 158 of the pressure
plate 154 from the first clutch so that there is no axial
force on the clutch plates 149 and discs 150 of the first
clutch, thus, immediately disengaging the first clutch
121. Simultaneously, as the pressure plate 154 moves
away from the second clutch 122 the wave spring 188 is
further compressed continually increasing the force
generated between the clutch stop plate 187 and pres-
sure plate 154 which causes the clutch plates 151 and
discs 152 to gradually move together into increasing
mutual frictional contact. When the clutch stop plate
187 is forced against the shoulder stop 185, the second
clutch 122 is totally engaged and the transmission 110 is
in the overdrive mode. |

With continued reference to FIGS. 14 and 15 and 16,
when the overdrive transmission 110 is shifted into the
direct drive mode from the overdrive mode, as dis-
cussed heremnabove, the hydraulic piston 160 moves
away from the second clutch 122 and the fingers 189
move out of contact with pressure plate 154 allowing
the pressure plate 154 to move toward the first clutch
121 and second clutch 122 under the biasing force of the
springs 155. As the piston 160 moves away from the
second clutch 122, the biasing force generated by the
wave spring 188 gradually decreases, thus, gradually
decreasing the force against the clutch plates 151 and
discs 152 to gradually allow them to separate gradually
decreasing the mutual frictional contact therebetween.
The inner contact surface 158 of the pressure plate 154
contacts the first clutch 121 forcing the clutch plates
149 and discs 150 into mutual frictional engagement
immediately engaging the first clutch 121 when the
piston 160 has reached the end of its travel away from
the second clutch 122 and the second clutch is com-
pletely disengaged.

It is also foreseeable that in other instances 1t would
be desirable that during a shifting event of the overdrive
transmission between the direct drive mode and the



4,567,788 -

25

overdrive mode that both the first or direct drive clutch
and second or overdrive clutch be simultaneousiy and
momentarily disengaged. By way of abbreviation, this
momentary disengagement of both the direct drive
clutch and overdrive clutch during a shifting event can
be referred to as a full neutral mode.

This full neutral mode can be incorporated 1in any of
the embodiments of the overdrive transmission 10, 110
or 210 discussed above. However, for the sake of brev-
ity, the incorporation of the full neutral feature will
hereinafter be described in regard to the embodiment of
the overdrive transmission 110 of FIG. 12.

The modification to the transmission 110 can best be
seen by reference to FIG. 17. The housing 111 is pro-
vided with stop means, such as the stop shoulder 185
adjacent the second or overdrive clutch 122 on the
opposite side thereof from the hydraulic piston 160. The
stop shoulder 185 1s not an annular shoulder, but 1s only
formed in the housing at intervals around the periphery
of the second clutch 122. The clutch plate 154 1s modi-
fied by including the radially extending lips 186 at se-
lected peripheral locations around the pressure plate
154. The surface 191 of the lips facing toward the sec-
ond clutch 122 are coplanar with the inner contact
surface 158 of the pressure plate 154. The annularly
shaped second clutch stop plate 187 1s incorporated into
the second clutch 122 on the opposite side of the second
clutch from the hydraulic piston 160 between the sec-
ond clutch and the shoulder stop 185. The annular stop
plate 187 is externally splined and mates with the inter-
nal splines 153 formed in the housing 111 fixing the stop
plate against rotation while providing for movement
- relative to the housing along the splines 153 in the direc-
tion of or along the longitudinal axis of the driven shaft
114. The biasing spring 161 which forces the piston 160
away from the second clutch 122 of the transmission
110 of FIG. 12 1s removed, however, it should be noted
that the wave spring 188 used in the transmission of
FIGS. 14-17 1s not used here. The hydraulic piston 160
is modified with a number of the fingers 189 extending

... .past the second clutch 122 in appropriate channels 190

formed in the housing 111 toward the radial lips 186 of
the pressure plate 154. The number of fingers 189 is
equal to the number of radial lips 186 of the pressure
plate 154 and are aligned therewith so that the ends of
the fingers 189 will contact the surface 191 of the radial
lips 186. o

The following description of the operation of the
overdrive transmission will be best understood by refer-
ence to FIGS. 17, 18 and 19 which sequentially illus-
trate the transmission in the overdrive mode, full neu-
tral mode and direct drive mode.

As the overdrive transmission 110 is shifted into the
overdrive mode, as discussed above in regard to the
transmission 110 shown 1n FIG. 12, the hydraulic piston
160 moves toward the second clutch 122, and the ends
of the fingers 189 contact the lips 186 and push the
pressure plate 154 away from the second clutch 122 and
first clutch 121 against the biasing force of the compres-
sion springs 155. As the pressure plate 154 moves, the
inner contact surface 158 of the pressure plate i1s dis-
placed from the first clutch 121 and there 1s no axial
force on the clutch plates 149 and discs 150 which
would otherwise force them into mutual frictional
contact, and the first clutch 1s disengaged. Concur-
rently, as the piston 160 begins to move toward the
second clutch 122 there is no axial force on the clutch
plates 151 and discs 152 which would otherwise force
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them into mutual frictional contact, and the second
clutch 122 1s also disengaged. As the piston 160 contin-
uges to move toward the second clutch 122, it moves the
clutch plates 151, clutch discs 152 and stop plate 187
along the splines 153 of the housing toward the stop
shoulder 185 until the stop plate 187 contact the stop
shoulder 185 compressively sandwiching the clutch
plates 151 and discs 152 between the piston 160 and stop
plate 187 forcing them into mutual frictional contact,
and the second clutch 122 is engaged.

As the overdrive transmission 110 is shifted from the
overdrive mode to the direct drive mode, as discussed
above in regard to the embodiment of FIG. 12, the
biasing force of the springs 155 moves the pressure plate
154 toward the first clutch and second clutch. The

radial lips 186 of the pressure plate 154 pushes against

the fingers 189 of the piston 160 and, thus, moves the
piston 160 away from the second clutch 122. As the
piston 160 begins to move away from the second clutch
122, the axial force on pushing the clutch plates 151 and
discs 152 into mutual frictional contact is relieved and
the second clutch 122 is disengaged. At this point, the
pressure plate 154 has not moved toward the first clutch
121 far enough to force the inner contact surface 158 of
the pressure plate 154 into contact with the first clutch
121 and, therefore, the first clutch 121 is also disen-
gaged. The pressure plate 154 continues to move
toward the first clutch 121 the inner contact surface 158
contacts the first clutch 121 and forces the clutch plates
149 and discs 150 into mutual frictional contact, and the
first clutch 121 1s engaged.

The overdrive transmission of the present invention
in all its various advantageous embodiments 1s very
compact in size, rugged, and well suited for use as origi-
nal equipment or as an after-market retrofit to a motor
vehicle. - y |

The foregoing detailed description is given primarily
for clearness of understanding and no unnecessary limi-
tations should be understood therefrom for modifica-
tions will be obvious to those skilled in the art upon
reading this disclosure and can be made without depart-
ing from the spirit of the invention or the scope of the
claims.

What is claimed:

1. An overdrive transmission device for use with a
motor vehicle, comprising:

a housing;

a driving shaft rotatably mounted within said hous-

ing; |

a planetary gear train having a first sun gear rotatably

driven by said driving shaft, a second sun gear
mounted for rotation independent of said first sun
gear, said second sun gear being coaxially disposed
with said first sun gear, a first set of planet gears in
meshing engagement with said first sun gear, a
second set of planet gears in meshing engagement
with said second sun gear, means for connecting
said first set of planet gears with said second set of
planet gears for concurrent rotation about a com-
mon axis, said gears of said first set of planet gears
having a different pitch circle than said gears of
said second set of planet gears, and planetary gear
carrier for holding said first set and said second set
of plane gears in position about said first sun gear
and said second sun gear;

a driven shaft rotatably mounted in said housing and

driven by said planetary gear train; and,
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means for selectively connecting said planetary gear

carrier to said housing or to said driven shaft for

rotation therewith whereby the relative rate of

rotation between said driving shaft and said driven

shaft is changed, said means for selectively con- 5

necting comprising:

first clutch means having coacting friction mem-
bers intermediate said planet gear carrier and
said driven shaft;

said first clutch means including a clutch pressure 10
plate means adapted to forcibly contact the fric-
tion members of said first clutch means;

second clutch means functioning as a brake having
co-acting friction means intermediate said plane-
tary gear carrier and said housing; 15

said second clutch means including a clutch pres-
sure plate means adapted to forcibly contact the
friction members of said second clutch means;

said clutch pressure plate means of said first clutch
means being structurally interconnected with 20
said clutch pressure plate means of said second
clutch means for transmitting mechanical force

therebetween;
rolling means interposed between at least one of

said clutch means and said pressure plate means 25 3.

28

second clutch means functioning as a brake having
co-acting friction means intermediate said plane-
tary gear carrier and said housing;

said second clutch means including a clutch pres-
sure plate adapted to forcibly contact the friction
members of said second clutch means;,

said second clutch means including a clutch pres-
sure plate adapted to forcibly contact the friction
members of said second clutch means;

satd clutch pressure plate of said first clutch means
being integral with said clutch pressure plate of
sald second clutch means;

rolling means interposed between at least one of
said clutch means and said pressure plate to per-
mit relative movement between said pressure
plate and said one of said clutch means; and

said one of said clutch means being operable to
rotate relative to said pressure plate when force
is applied by said pressure plate through said
roller means;

said integrally formed clutch pressure plate being
biased toward said clutch friction members of
both said first clutch means and said second
clutch means.

The overdrive transmission of claim 2, wherein

to permit relative movement between said pres- said integral clutch pressure plate comprises:
sure plate means and said one of said clutch an mner circular clutch contact surface protruding
means; and from said integral pressure plate adapted to contact

said one of said clutch means being operable to
rotate relative to said pressure plate means when 30

the clutch friction members of said first clutch
means; and,

force is applied by said pressure plate means an outer circular cluich contact surface concentric

through said roller means.
2. An overdrive transmission device for use with a
motor vehicle, comprising:

a housing; ' 35 4.

with said inner contact surface, adapted to contact
the clutch friction members of said second clutch

means.
The overdrive transmission of claim 3, further

a driving shaft rotatably mounted within said hous- comprising piston means adapted to forcibly contact the
ing; clutch friction members of said second clutch means on
a planetary gear train having a first sun gear rotatably the opposite side thereof from said integral clutch pres-
driven by said driving shaft, a second sun gear sure plate to forcibly sandwich the clutch friction mem-
mounted for rotation independent of said first sun 40 bers of said second clutch means between said piston
gear, said second sun gear being coaxially disposed and annular contact surface of said clutch pressure plate
with said first sun gear, a first set of planet gears in and to simultaneously move said clutch pressure plate
meshing engagement with said first sun gear, a away from the clutch friction members of said first

second set of planet gears in meshing engagement clutch means.

with said second sun gear, means for connecting 45 3.

The overdrive transmission of claim 4, wherein

said first set of planet gears with said second set of  said piston means is hydraulically actuated.

planet gears for concurrent rotation about a com- 6.

The overdrive transmission of claim 3, wherein:

mon axis, said gears of said first set of planet gears the clutch friction elements of said first clutch means

having a different pitch circle than said gears of
said second set of planet gears, and a planetary gear 50
carrier for holding said first set and said second set
of planet gears in position about said first sun gear
and said second sun gear;
a driven shaft rotatably mounted in said housing and
driven by said planetary gear train; and, 55
means for selectively connecting said planetary gear

comprise a plurality of alternating first frictional
members and second frictional members, said first
frictional members rotate with said planetary gear
carrier, and are supported to move along the rota-
tional axis of said planetary gear carrier means, and
said second  frictional members rotate with said
second sun gear and are supported to move along
the rotational axis of said second sun gear; and,

carrier to said housing or to said driven shaft for the clutch friction elements of said second clutch

rotation therewith whereby the relative rate of

rotation between said driving shaft and said driven

shaft 1s changed, said means for selectively con- 60

necting said planetary gear carrier to said housing

or to said drive shaft comprising:

first clutch means having co-acting friction mem-
bers intermediate said planetary gear carrter and
said driven shaft; 65

said first clutch means including a clutch pressure

plate adapted to forcibly contact the friction 7.

means comprise a plurality of alternating first fric-
tional members and second frictional members,
said first frictional members rotate with said plane-
tary gear carrier and are supported to move along
the rotational axis of said planetary gear carrier
means, and said second frictional members are
connected to said wall of said housing for move-
ment in the direction of the rotational axis of said
planetary gear carrier means.

The overdrive transmission of claim 4, further

members of said first clutch means; comprising means providing a full neutral mode
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wherein both said first clutch means and said second
clutch means momentarily and simultaneously disen-
gage as they alternately connect said planetary gear
carrier means to said housing and to said driven shatft.

8. The overdrive transmission of claim 4, further
comprising means providing a partial neutral mode
wherelin:

said first clutch means completely disengages as said
second clutch means gradually engages to connect
said planetary carrier means to said housing; and,

said first clutch means fully engages after said second
clutch means has gradually disengaged to connect
said planetary gear carrier means to satd driven
shaft.

9. The overdrive transmission of claim 3, further

comprising:

a source of working fluid;

pump means in fluid flow communication with said
source of working fluid;

means for selectively placing said pump means in
fluid flow communication with said hydraulically
activated piston; and,

means for selectively de-pressurizing said hydraulic
piston.

10. The transmission device of claim 1 further com-

prising:

yieldable clutch pressure means for yieldably apply-
ing pressure to said pressure plate means;

a controlled clutch pressure means operable to apply
pressure to said pressure plate means in a direction
opposite from the pressure direction of said yield-
able clutch pressure means; and

at least one finger extending from said controlled
clutch pressure means for forcing said pressure
plate means and said yieldable clutch pressure
means away from one of said clutch means.

11. The transmission apparatus of claim 10 further
comprising spring means disposed to operate between
said controlled clutch pressure means and said pressure
plate means for partially engaging one of said clutch

-...means as said controlled clutch pressure means moves

toward said pressure plate means.

12. The transmission device of claim 10 wherein:

said yieldable clutch pressure means comprises a
spring biased against said pressure plate means; and

said controlled clutch pressure means comprises a
hydraulically operated piston.

13. An overdrive transmission device for use with a

motor vehicle, comprising:

a housing;

a driving shaft rotatably mounted within said hous-
Ing;

a planetary gear train having a first sun gear rotatably
driven by said driving shaft, a second sun gear
mounted for rotation independent of said first sun
gear, said second sun gear being coaxially disposed
with said first sun gear, a first set of planet gears in
meshing engagement with said first sun gear, a
second set of planet gears in meshing engagement
with said second sun gear, means for connecting
said first set of planet gears with said second set of
planet gears for concurrent rotation about a com-
mon axis, said gears of said first set of planet gears
having a different pitch circle than said gears of
said second set of planet gears, and a planetary gear
carrier for holding said first set and said second set
of planet gears in position about said first sun gear
and said second sun gear;
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a driven shaft rotatably mounted in said housing and

driven by said planetary gear train; and,

means for selectively connecting sald planetary gear

carrier to said housing or to said driven shaft for

rotation therewith whereby the relative rate of

rotation between said driving shaft and said driven

shaft is changed, said means for selectively con-

necting said planetary gear carrier to said housing

or to said drive shaft comprising:

first clutch means having co-acting friction mems-
bers intermediate said planetary gear carrier and
said driven shaft;

said first clutch means including a clutch pressure
plate adapted to forcibly contact the friction
members of said first clutch means;

second clutch means functioning as a brake having
co-acting friction means intermediate said plane-
tary gear carrier and said housing; |

said second clutch means including a clutch pres-
sure plate adapted to forcibly contact the friction
members of said second cluich means;

said clutch pressure plate of said first clutch means
being integral with said clutch pressure plate of
said second clutch means;

said integrally formed clutch pressure plate being
biased toward said clutch friction members of
both said first clutch means and said second
clutch means;

an inner circular clutch contact surface protruding
from said integral pressure plate adapted to
contact the clutch friction members of said first
clutch means; and,

an outer circular clutch contact surface on said
pressure plate concentric with said inner contact
surface, adapted to contact the clutch friction
members of said second clutch means;

hydraulically actuated piston means adapted to forci-

bly contact the clutch friction members of said
second clutch means on the opposite side thereof
from said integral clutch pressure piate to forcibly
sandwich the clutch friction member of said second
clutch means between said piston and annular
contact surface of said clutch pressure plate and to
simultaneously move said clutch pressure plate
away from the clutch friction members of said first
clutch means;

a source of working fluid;
pump means in fluid flow communication with said

source of working fluid;

- first valve means downstream of said pump means

and in fluid flow communication with saild pump
means and said hydraulically activated piston;

second valve means downstream of said pump means,

said second valve being activated to an open posi-
tion in response to the volume rate of flow of work-
ing fluid from said pump means exceeding a prede-
termined value;

said first valve means being activated to a first posi-

tion in response to the opening of said second valve
means for allowing working fluid to flow there-
through to said hydraulically activated piston, and
being activated to a second position in response to
the closing of said second valve means for prevent-
ing working fluid to flow therethrough to said
hydraulically activated piston and allowing flmd
flow therethrough from said hydraulic piston; and

means for selectively de-pressurizing said hydraulic

piston.
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14. The overdrive transmission of claim 13, wherein
said first valve means 1s also in fluid flow communica-
tion with said source of working fluid so that when said
first valve 1s in said second position fluid flowing
through said first valve means from said hydraulic
chamber flows to said source of working fluid.

15. The overdrive transmission of claim 13 further
comprising indicator means operatively associated with
sald second valve means for indicating when said sec-
ond valve means is opened and when said second valve
- means 18 closed.

16. The overdrive transmission of claim 15, wherein
said indicator means comprises: |

said second valve means having a component which

moves with said second valve means and which

generates a magnetic flux;
an electric indicating and energizing circuit compris-

10

15

ing magnetic responsive switch means and said ,g

indicator means activated m response to the flow of
electric current through said indicating and ener-

gizing circuit; and,
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sald magnetic responsive switch means being dis-
posed within the field of magnetic flux generated
by said magnetic flux generating component of said
second valve means such that when said magnetic
flux generating component moves with said second
valve means to an open position to the correspond-
ing movement of the magnetic field will cause said
magnetic responsive switch means to close com-
pleting said electric indicating and energizing cir-
cuit and activating said indicator means.

17. The overdrive transmission of claim 16 wherein:

said first valve means i1s a solenoid activated valve;

said solenoid of said first valve means is 1n said indi-
cating and energizing circuit in series with said
magnetic responsive switch means;

a solenoid activation switch 1s in said indicating and
energizing circuit means in series with said sole-
noid and said magnetic responsive switch means;
and,

such that such solenoid is energized upon closing said
solenoid activation switch only when said mag-

netic responsive switch means 1s also closed.
| * x * %* »*
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